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Our data suggest that positive immunostaining for both p63 and CK5/6 in poorly differentiated metastatic carcinomas is highly predictive of a primary tumor of squamous epithelial origin.
Metastatic carcinomas of unknown primary site represent about 2% to 5% of all newly diagnosed carcinomas. 1, 2 Light microscopic examination reveals that about 30% of carcinomas of unknown primary site are poorly differentiated or undifferentiated carcinomas. 1 Within this heterogeneous tumor group, only extragonadal germ cell tumors and neuroendocrine carcinomas are treated by chemotherapy, irrespective of their primary site. 3 In contrast, knowing the primary site of somatic nonneuroendocrine carcinomas of unknown primary site would be of clinical importance, as patients then could be treated according to protocols that are specific for advanced stages of the respective carcinoma types. Furthermore, lacking knowledge of the primary tumor site poses an additional psychological burden 4,5 on patients and their families.
The immunohistochemical identification of primary carcinoma sites usually is based on the detection of more or less organ-specific terminal differentiation products or transcription factors. Most of these markers are commercially available and substantially facilitate the identification of primary sites of metastatic adenocarcinomas (for a recent review see Hammar 4 ), but often have a low sensitivity in poorly differentiated carcinomas. Therefore, instead of using organ-specific markers, in poorly differentiated carcinomas it might be more rewarding to use markers that are associated with minimal "histogenetic" differentiation. For instance, the expression of markers specifically associated with squamous differentiation limits the possible primary site of a carcinoma for practical purposes to only a few locations (head/neck, lungs, esophagus, cervix uteri).
Since the mid-1980s, 6, 7 commercially available monoclonal antibodies recognizing basal cell-type high-molecularweight cytokeratins (CKs) 5 and 14 according to the catalog by Moll et al 8 were established as the most sensitive, although not entirely specific, paraffin-reactive markers associated with a squamous differentiation in carcinomas. The recently cloned transcription factor p63 is another promising marker to indicate a minimal squamous differentiation in a poorly differentiated carcinoma. The p63 gene is located at chromosome 3q27-29 and belongs to the p53 gene family. 9 The p63 gene encodes multiple isotypes with divergent abilities to transactivate p53 reporter genes and induce apoptosis. Importantly, the predominant p63 isotypes in most epithelial tissues lack the N-terminal transactivating domain and act in a dominant-negative manner regarding the transactivating effects of p53 and other p63 isotypes. 9 In normal tissues, p63 was reported to be immunohistochemically detectable in basal cells of all squamous epithelia (including epidermis and hair follicles), in basal cells of urothelium, and in basal cells of prostate epithelium. 9, 10 Furthermore, the truncated isotype p63 is detectable in most squamous cell carcinomas (including undifferentiated nasopharyngeal carcinomas) of various primary sites. [10] [11] [12] [13] The p63 overexpression in these tumors is apparently due to an amplification of the p63 gene. 12, 13 In the present study, we evaluated the potential significance of p63 as an immunohistochemical marker for poorly differentiated metastatic squamous cell carcinomas. We used the commercially available paraffin-reactive monoclonal antibody 4A4 against p63 and compared the results with immunostaining for CK5/6 using monoclonal antibody D5/16B4.
Materials and Methods

Selection of Cases
The surgical pathology files of the Charité University Hospital, Berlin, Germany, were surveyed to retrieve representative paraffin blocks of a total of 248 metastases, the primary tumors of which had been classified as poorly differentiated (grade 3) or undifferentiated (grade 4) carcinomas ❚Table 1❚ and that practically could result in a finding of carcinoma of unknown primary site. The selected grade 3 carcinomas included only cases showing minimal differentiation features that were most prevalent in the respective tumor site, eg, poorly differentiated carcinomas of the cervix comprised only squamous cell carcinomas, but not adenocarcinomas. Very small specimens and needle biopsy specimens were not included.
Since all squamous cell carcinomas were of the nonkeratinizing type, their morphologic classification, by definition, depended on the presence of intercellular bridges. Unfortunately, the presence or absence of intercellular bridges is difficult to verify in poorly differentiated carcinomas, especially in metastatic infiltrates, without knowledge of the primary tumor site. Therefore, grade 3 squamous cell carcinomas and grade 4 carcinomas of the same primary sites were grouped together and were classified as poorly differentiated squamous cell carcinomas for practical purposes. Tumors that were coded as grade 3 adenocarcinomas and grade 4 carcinomas of the same primary site also were grouped together. Large cell undifferentiated carcinomas of the lung were excluded as, in contrast with undifferentiated carcinomas of other primary sites, this tumor group is very heterogeneous and encompasses carcinomas that show glandular, squamous, or neuroendocrine features by electron microscopy. 14, 15 Five of the selected 9 pulmonary small cell carcinomas had been classified as intermediate-type small cell carcinoma according to the "old" World Health Organization histologic typing of lung tumors 16 and showed no immunoreactivity for synaptophysin and chromogranin A. All other tumors diagnosed as undifferentiated carcinomas were immunostained for synaptophysin and chromogranin A to exclude neuroendocrine differentiation. Furthermore, we included 14 malignant mesotheliomas (13 primary tumors, 1 metastasis) of the pleura (10 cases), the pericardium (1 case), and the peritoneum (3 cases). The mesotheliomas were studied to test whether expression of p63 can be used to discriminate metastatic squamous cell carcinomas and mesotheliomas.
Immunohistochemical Analysis
Deparaffinized 3 to 5 µm sections were rehydrated, and heat-induced epitope retrieval was done by a pressure cooker method 17 in a 10-mmol/L concentration of sodium citrate buffer (Sigma Chemie, Deisenhofen, Germany), pH 6.0. Endogenous avidin-binding activity was blocked as described by Miller and Kubier. 18 Sections were incubated with the monoclonal antibodies 4A4 against p63 (dilution 1:500; Santa Cruz Biotechnology, Santa Cruz, CA) and D5/16B4 against CK5/6 (dilution 1:200, Zymed Laboratories, San Francisco, CA) for 60 minutes at room temperature. The bound primary antibody was then detected by a secondary biotinylated antibody and a streptavidin-peroxidase conjugate according to the instructions of the manufacturer (Super Sensitive System, BioGenex, San Ramon, CA). Nova Red (Vector, Burlingame, CA) was used as substrate.
Immunostaining results were evaluated semiquantitatively according to the percentage of positive tumor cells, ie, 1% to 10%, 11% to 50%, and more than 50%. Furthermore, we scored whether immunoreactive tumor cells were diffusely or heterogeneously distributed. To exclude equivocal reactions, at least moderate staining intensity in more than 10% of the tumor cells was registered as a diagnostically relevant positive reaction. Only cytoplasmic staining signals were scored as positive reactions for anti-CK5/6. For anti-p63, only a nuclear staining signal was considered a positive reaction.
To calculate the specificity and sensitivity of immunostaining results for squamous cell carcinomas, all tumors were grouped together as specified in 
Results
Immunoreactivity for p63 in Normal Tissues
In normal tissues, p63 could be detected in basal and intermediate urothelial and squamous cells ❚Image 1❚. Furthermore, basal cells of pseudostratified columnar epithelia (prostate, bronchial epithelium), reserve cells of simple columnar epithelia (focal in endocervical and pancreatic ductal epithelium), germinative cells of sebaceous gland, and all myoepithelial cells (breast, bronchial and oropharyngeal/nasopharyngeal mucous glands, cutaneous eccrine and apocrine glands, major salivary glands) showed strong immunoreactivity for p63. Other epithelial cells and neuroendocrine cells were negative for p63. Ovarian oocytes, but not testicular germ cells, strongly expressed p63. In nonepithelial tissues, p63 was detectable in some lymphoid cells in lymph nodes and extranodal infiltrates. Furthermore, some reactive pleural and peritoneal mesothelial cells were weakly positive for p63. In mesenchymal tissues, only skeletal muscle fibers showed a consistent strong, although predominantly cytoplasmic, p63 immunoreactivity.
Immunoreactivity for p63 in Tumors
Results of immunostaining for p63 are listed in Table 1 . Most squamous cell carcinomas showed diffuse nuclear immunoreactivity for p63 ❚Image 2❚, resulting in a sensitivity of 0.81. Only 20 (14%) of all non-squamous cell carcinomas were positive for p63 in more than 10% of tumor cells, most of them (14/20) with 11% to 50% immunoreactive tumor cells, often with heterogeneous staining patterns ❚Image 3❚. The resulting specificity of p63 for squamous cell carcinomas vs non-squamous cell carcinomas was 0.86. The only carcinoma type showing a majority of p63-positive cases (14/20 [70%] ) was urothelial carcinoma ❚Image 4❚. Malignant mesotheliomas were consistently negative for p63.
Immunoreactivity for CK5/6 in Tumors
The results of CK5/6 immunostaining are specified in Table  2 . The sensitivity of CK5/6 immunostaining for squamous cell 
Coexpression of p63 and CK5/6 in Tumors
Most squamous cell carcinomas showed positive immunoreactivity for both p63 and CK5/6 (Table 3) . Only 8 cases were positive for one marker but not for the other (5 cases CK5/6-positive/p63-negative; 3 cases CK5/6-negative/p63-positive). The coexpression of both markers in more than 10% of tumor cells had a specificity of 0.96 and a sensitivity of 0.77. The coexpression of both markers in more than 50% of tumor cells reached a specificity of 0.99 for squamous cell carcinomas but was associated with a decline in the sensitivity to 0.66.
Discussion
We tested whether the immunohistochemical detection of p63 alone and in combination with CK5/6 could be used to identify poorly differentiated and undifferentiated metastatic carcinomas of primary sites that are typical for squamous cell carcinomas and to distinguish them from poorly differentiated and undifferentiated carcinomas of other primary sites. In agreement with other authors, 9-11 we detected p63 in basal and intermediate cells of all squamous and urothelial epithelia. Furthermore, myoepithelial cells and basal cells of pseudostratified epithelia were always strongly positive for p63. The expression of p63 in myoepithelial and basal cells is of certain diagnostic interest. Together with other myoepithelial and basal cell markers (especially highmolecular-weight CK and smooth muscle myosin), p63 could be used to verify or to exclude invasion in carcinomas of the breast or the prostate. 19 In the studied carcinomas, we found p63 in 59 (81%) of all 73 squamous cell carcinomas, usually with diffuse, strong immunoreactivity in the majority of tumor cells. In contrast, only 20 (14.2%) of all non-squamous cell carcinomas (except urothelial carcinomas) were p63-positive, most often in the minority of tumor cells. The detection of p63 in squamous cell carcinomas apparently does not depend on tumor grade, as Crook et al 11 described strong immunoreactivity for p63 even in 25 of 25 undifferentiated nasopharyngeal carcinomas.
Results of immunostaining for CK5/6 in squamous cell and non-squamous cell carcinomas were similar to p63 results. Anti-CK5/6 was only slightly more sensitive (0.84 vs 0.81) and slightly less specific (0.79 vs 0.86) than anti-p63 for squamous cell carcinomas. Nevertheless, an important difference between p63 and CK5/6 immunostaining could be seen in carcinomas of the breast, which were positive for CK5/6 in 61% of the cases (17/28), whereas p63 was detectable in only 11% of the cases (3/28) in more than 10% of tumor cells. The unusually high rate of CK5/6-positive breast carcinomas in our material is apparently due to the fact that poorly differentiated and undifferentiated carcinomas of the breast significantly more often express basal cell-type high-molecular-weight CK. 20, 21 The specificity of p63 and CK5/6 immunostaining for squamous cell carcinomas could be substantially increased to 0.96, if positive immunoreactivity for both p63 and CK5/6 was used as the minimum criterion to diagnose squamous cell carcinoma. The sensitivity of a coexpression diminished only slightly, to 0.77, compared with p63 (sensitivity, 0.81) and CK5/6 (sensitivity, 0.86) alone. The specificity of a coexpression of both markers in more than 50% of tumor cells reached 0.99, with only 1 undifferentiated ovarian carcinoma as a false-positive case. Unfortunately, the sensitivity then dropped perceptibly to 0.66.
Nevertheless, by using one or both markers with different criteria for positive immunostaining, it is possible to create a kind of continuum for specificity and sensitivity that can be adapted to the clinical situation, as the predictive value of an organ-specific or differentiation-specific marker depends on the a priori or pretest probability of the carcinoma type that is predicted by the marker. Thus, a high predictive value for a squamous cell carcinoma can be achieved with anti-CK5/6 alone (less specific, more sensitive) if a tumor site that usually gives rise to a squamous cell carcinoma has a high pretest probability. In contrast, without any clinical suspicions regarding the primary tumor site, it could be necessary to use a highly specific (alas, less sensitive) marker combination (p63 and CK5/6 with more than 50% of immunoreactive tumor cells as the minimum criterion for positivity) to achieve a high predictive value for a squamous cell carcinoma. If carcinoma of the breast is a relevant differential diagnosis, p63 should also be preferred to CK5/6. Besides squamous cell carcinomas, urothelial carcinomas were the only other type of carcinomas with a p63 positivity in the majority of cases. As a substantial minority of urothelial carcinomas also are positive for CK5/6 22 (35% of cases [7/20] in the present study), other markers than p63 and CK5/6 are necessary for the immunohistochemical discrimination of urothelial and squamous cell carcinomas. Uroplakin III (Progen, Heidelberg, Germany) and/or CK20 are especially useful for this differential diagnostic problem, as they are detectable in most urothelial carcinomas, but almost never in squamous cell carcinomas of different primary sites. [23] [24] [25] [26] [27] Although more sensitive, CK7 is a less specific marker for urothelial carcinomas than are uroplakin III and CK20, as squamous cell carcinomas of various primary sites have been reported to be positive. 25, 28, 29 Chu et al 25 found CK7 positivity in 13 (87%) of 15 squamous cell carcinomas of the cervix uteri; they also found CK7 positivity in 8 (27%) of 30 squamous cell carcinomas of the head and neck region and in 3 (21%) of 14 squamous cell carcinomas of the esophagus. Lyda and Weiss 28 found CK7 positivity in 12 (32%) of 37 squamous cell carcinomas. Wieneke et al 29 found CK7 positivity in 10 (71%) of 14 basaloid squamous cell carcinomas of the sinonasal tract.
The non-squamous cell carcinomas that we studied comprise tumors that most often give rise to metastases of unknown primary site. Nevertheless, it should be kept in mind that we did not study rarer carcinomas that also express p63, eg, carcinomas with a myoepithelial differentiation or sebaceous carcinomas (unpublished data). Therefore, if these tumor types enter the differential diagnosis on clinical and/or morphologic grounds, p63 cannot be used as a marker for a squamous differentiation.
In our material, p63 was not detectable in 14 tested mesotheliomas. Therefore, it can be used to distinguish pleural or peritoneal metastases of nonkeratinizing squamous cell carcinomas from primary solid malignant mesotheliomas. This is of potential diagnostic interest as the mesothelial markers thrombomodulin and CK5/6 that are recommended for the discrimination of mesotheliomas and adenocarcinomas usually also are positive in squamous cell carcinomas. 22, 30, 31 Our data suggest that anti-p63 and anti-CK5/6 should be used together to identify about 70% to 80% of all poorly differentiated squamous cell carcinomas and to discriminate them from other poorly differentiated and undifferentiated carcinomas with a specificity of more than 0.95. Therefore, anti-p63 and anti-CK5/6 might be useful components of antibody panels for the immunohistochemical analysis of poorly differentiated metastatic carcinomas of unknown primary site.
